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INTRODUCTION

The United States Air Force has had several incidences of contamination
of on-base family housing units with airborne chlordane (1,2,4,5.6,7,8,8
octochloro-2,3,3a.4.7,7a-hexahydro-4,7-methanoindene and related compounds).
The affected units were constructed with heating ducts in or below the slabs
(Figure 1). The first incident occurred in two houses at a southwestern Air
Force base (Callahan, 1970). Chlordane was inadvertently introduced into the
heating ducts during subalab injection for termite control. Then the furnaces
were activated, the chlordane vaporized and was disseminated throughout the
living area. A second incident occurred at a midwestern air base where
termite pretreatment had been performed using 2% chlordane as a soil drench on
the pea gravel and fill beneath the slab. When the heat was first turned on
in the fall, an odor was noticed. Subsequent air sampling detected chlordane.
Sampling of other houses showed chlordane contamination to be common in the
newly constructed houses (unpublished data).

The most recent incident of chlordane contamination was at a midwestern
air base in October 1978. Two ground-floor housing units with subslab heating
ducts were involved. One unit was unoccupied at the time while the other was
occupied. Both units were treated the preceding summer by subslab injection
with 2% chlordane for termite control. A strong "organic" odor was noted in
the occupied unit when the furuace was activated. A similar odor, but not as
strong, was noted in the unoccupied unit. Subsequent air samples were
positive for chlordane in both units. These findings precipitated a
preliminary survey of 56 units in the housing area in January 1979. Results
of the preliminary study indicated that approximately 5% of the housing units
would have airborne chlordane levels above the National Academy of Sciences
recommended threshold of 5 pg/m s. All 498 ground floor units were sampled
at that air base in January and February of 1980.

MATERIALS AND METHODS

The basic sampling train consisted of an electric MilliporeR miniature
vacuum pump with a sampling tube containing ChromosorbR 102 as the
collecting medium. Each sampling tube consisted of 200 mg of Chromoaorb 102
capped with anhydrous sodium sulfate in a 2.75 cm Pasteur pipette plugged with
glass waol. The sampling tubes were connected to the pump by a small piece of
TygonR tubing. Flow rates were measured using a precision rotometer after the
pump was turned on and again at 'he end of the sampling period. The accuracy
of the ratometer was calibrated prior to the survey with a bubble meter. In
instances where a slight drop in flow rate occurred, the beginning and ending
flow rates were averaged to obtain a mean flow rate. The flow rates ranged
from 2.7 to 4.5 L/min for a given sample.

The pump was located on the floor in the approximate center of the living
room in the unoccupied units (5543B and 5020E). In all other units, the pump
was located on the floor within 2.7 M of the living or dining room heating
vents, depending on the location of the occupant's furniture. The sampling
tube inlet was always located approximately 2 cm above the floor. The time of
day that the sample was taken was dependent on the availability of the
occupant to provide entry authorization. Inside air temperature and relative
humidity were measured with a sling psychrometer at the time of sampling.
Barometric pressure and outside air temperature were obtained hourly from the
local air base weather service.
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Figure 1. Graphic representation of intraslab ducting.



The preliminary survey in 1979 included all housing units (13) treated
for termites in 1978 by subslab injection and 43 randomly selected houses that
were treated in a similar manner prior to 1978. Two houses that had no
history of subslab treatment were also sampled at this time to serve as
controls and two upstairs housing units (5543D and 50200) were sampled to
determine if chlordane was diffusing upward.

The sampling pump was operated for 2 to 4 hours for the preliminary
survey and I to 5 samples were collected/house. Sampling precision was
measured in units 55438 and 5020E. Two sets of matched samples and one
high-volume (4.3 L/min) sample were collected in unit 5543B. The sets of
matched samples were taken over a 4-hour pe;.iod. The high volume samples were
obtained over an approximatD 5-hour period for one set and a 4-hour period for
the second. In unit 5020E, four 4-hour samples were collected.

The 498 housing units sampled in the 1980 survey consisted of 435 houses
treated with chlordane by subslab injection and 63 with no history of
treatment. A single 2-hour sample was collected in each house.

All chlordane analyses were performed as described by Thomas and Seiber
(1974) and Thomas et al (1980). Data collected in the 1980 survey were
subjected to analysis of variance, stepwise regression, Pearson's correlation
and Spearman's correlation.

RESULTS

1979 Preliminary Survey

Sampling and analytical precision measurements in units 5543B and 5020E
showed a variability of 13.2% and 26.8%, respectively (Table 1). Neither flow
rate nor sampling time influenced the precision of the calculated
concentration of airborne chlordane.

Table 1. Sampling precision as measured in unoccupied

quarters 5543B and 5020E (1979).

Sample Number Flow Rate L/min) Time (min) Concentration (pg/m')

5543B 2.9 240 292.01
5543B 2.6 240 208.59
5543B 4.3 292 268.62
5543B 2.8 222 293.96
5543B 2.9 222 254.24
5020E 4.0 300 29.60
5020E 4.0 300 31.87
5020E 4.0 260 16.35
5020E 3.5 260 24.68
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All units treated in 1978 showed high concentrations of chlordane with a
range of 0.4 pg/ms to 263.5 pg/um (Table 2). The four highest concentrations
were significantly greater (p-0.0 5) than the average concentration of the
random samples taken from all other units. In addition, the average concen-

tration for all units was higher than originally expected since 60.3% of the
houses had chlordane concentrations 21.0 Pg/m3. No correlation could be made
between chlordane concentration and year of treatment except for houses
treated in 1978.

The two upstairs units, 5543D above 5543B and 5020G above 5020E, had
chlordane concentrations of 3.6 pg/m2 and 0.6 pg/ms respectively. This
single set of samples suggests that there is little upward movement of
chlordane vapor. Downstairs units showed no lateral contamination to adjacent
units within the same building.

Following the 1979 survey, the four housing units identified as having
the highest concentrations were modified by sealing the subslab ducts,
thoroughly cleaning walls and floors, and installing new furnaces and ceiling
ducts.

1980 Survey

Measured concentrations of chlordane ranged from below the detection
limit to a high of 37.8 pg/m (Appendix I and Table 3). The six highest
concentrations, which ranged from 14.5 to 37.8 pg/m8, were found in houses
treated in 1970. Correlation of chlordane concentration could not be made
with barometric pressure, inside or outside temperature, relative humidity,
sampler location (living room versus dining room) or time of day of sampling.
Inside temperatures ranged from 17PC to 320C with the majority being 210C to

310C. Barometric pressure ranged from 29.1 mmHg to 30.2 mmHg (uncorrected).
Outside low temperatures were -150C to OC and outside high temperatures were
-80C to 120C during the sampling period. Inside relative humidity ranged from
15% to 85%, with 95% of the units between 21% and 49%.

Airborne chlordane was detectable in units with no history of termite
treatment. This may have resulted from poor record keeping when units were
treated or by the use of chlordane by previous occupants for household pest
control.

DISCUSSION

Contamination of houses with detectable chlordane vapor is apparent from
this study. Measurable levels of chlordane ranging from a trace to 37.8 pg/m
were found in 335 out of 435 treated houses (77%) in the 1980 survey. In a
previous Air Force survey of 146 houses at various bases, 61% of those houses
had detectable levels of chlordane (unpublished data).

The only features in common for these houses with chlordane contamination
were intra- or subslab heating ducts and the method of termite treatment was
either high-pressure subslab injection or soil drench prior to pouring the
slab. Chlordane entered the duct by either seeping through cracks in the duct

or by actual inadvertent injection directly into the duct.
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Table 2. Concentration of airborne chlordane in randomly
sampled housing in January 1979.

CONCENTRATION CONCENTRATION

YEAR QUARTERS (ag/M') YEAR QUARTERS (pZl03)

1978 5543B 263.5 1972 5013B 1.0
5020E 25.6 1971 5142A 1.6
5445A 22.4 5519A 1.6
5534F 22.3 5033E 1.2
5220B 4.8 5311B 1.2
5019B 4.6 5462A 0.4
5232A 4.5 1970 5470A 1.8
5534B 4.4 5546A 1.3
5112B 4.0 5425A 1.0
5301B 3.3 5426B 0.7
5521B 0.6 5146B 0.6
5551B 0.5 5466B T
5026A 0.4 5113A T

1977 5112E 2.3 5109B T
5114E 1.4 1969 5414B 7.4

1976 5126B 4.0 1968 5474B 3.1
5211E 1.0 5473B 1.9
5317A 1.0 5436A 0.9
5116A 0.6 5125B 0.6

1975 5033A 3.4 5544A NDb
5110A 0.9 1966 5476E T

1974 5517B 1.2 1965 5216B 1.2
5136A 0.8 5033B 0.7
5226A 0.5 5009B 0.6

1973 5322A 5.2 1964 5247A 4.1
5117A 3.7 5476F 0.7
5456A 3.0 Untreated 5009A ND
5239A 1.7 5117B T
5026E 1.7 Upstairs 5543D 36

5126E 1.6 5020G 06d

5444B 1.3
5553B 0.7

aT - Trace
bNO none detected at a quantitative detection limit of 0.02 pg/m
Unit above 5543B

dnit above 5020E
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Table 3. Concentration of airborne chlordane in 498 ground-level
apartments sampled in January-February 1980

Naximum

Year of X Concentrationa  Concentration No. Aove
Treatment N pg/I pg/m Limit %

1964 14 1.7 4.5 11 79
1965 15 1.6 4.2 9 60
1966 17 0.9 1.9 9 53
1967 8 0.9 1.3 4 50
1968 28 1.6 8.5 26 93
1969 9 2.8 10.1 9 100
1970 68 4.1 37.8 50 74
1971 76 1.7 10.6 61 80
1972 41 1.9 11.6 32 78
1973 68 1.5 4.0 47 69
1974 22 1.8 4.3 18 82
1975 12 2.1 6.1 11 92
1976 23 1.7 5.7 15 74
1977 21 2.1 7.5 15 71
1978 d 13 2.5 8.0 10 77

Untreated 63 1.2 5.1 35 56

TOTAL 498 1.9 37.8 362 73

aThe mean was calculated from only those values greater than a trace.

bThe detection limit varied with each sample. The quantitative detection

limit was 0.2 pg chlordane/Chromosorb tube. When total air volume was
calculated, differences due to flow rate and length of sampling time changed
the detection limit in terms of pg/m.

CThese means differed from the sample taken in 1979 due to the reducting

and cleaning of four of the units that had concentrations greater than 20pg/rn'.

dThe untreated units were taken from a list of units that had no history

of treatment. Due to possible errors in record keeping some of the units may
have actually been treated.

6
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Weather parameters during both the 1979 and 1980 sampling periods had no

significant effect on concentrations detected. Additionally, the year of
treatment was not indicative of concentrations expected. Degradation curves
could not be applied to the mean concentration by year. All concentrations
appeared to be completely random with the exception of clustering of
higher-than-average concentrations in those houses treated in 1970 and 1978.
This clustering indicates that the application procedures may have been faulty
during those two years.

Levels of chlordane above the detection limit in a majority (77%) of the
houses indicate that using high-pressure subalab injection in houses with
ducts in the slab will probably result in detectable concentrations of
airborne chlordane. Modifying the construction design will alter the
chlordane concentration. Rouses modified following the 1979 study had a
93-97% decrease in airborne chlordane when sampled in 1980; however, a
thorough cleaning of the walls and floors did not completely eliminate the
chlordane vapor. Previous data (Callahan, 1970) indicated that nearly all
surfaces were contaminated with chlordane as a result of airborne chlordane
vapor. Limited unpublished data indicated chlordane accumulates on surfaces
over a period of time. Houses sampled within five months of treatment had
less surface contamination than those treated 2.5 years prior to sampling.
Our study did not include any surface sampling so correlations could not be
made between airborne chlordane concentrations and surface contamination.

CONCLUSIONS

1. Airborne chlordane will most likely exist in any intra- or subslab ducted
dwelling which has been treated with that pesticide to control subterranean
termites.

2. The degradation rate of chlordane used for termite control is inconsistent
from one house to the next.

1. The concentration of airborne chlordane is not related to inside or
outside temperature, barometric pressure or relative humidity.

4. Modifying the construction design by sealing the subslab ducts, thoroughly
cleaning walls and floors, and installing new furnances and ceiling ducts will
greatly reduce the airborne chlordane concentration.

RECOMENDATIONS

1. Housing constructed with intra- or subslab ducts should not be treated for
termites by subslab injection of termiticides.

2. If severe termite infestation is present in housing with intra- or subslab
ducts, the existing ducts should be sealed and reducted above slab before any
termite treatment is accomplished.

7



3. Efforts should be made to identify housing units with intra- or subsiab
ducts that have been treated for termites. Such houses should be sampled to
determine the concentration of airborne termiticide.
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